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Abstract The present study compared three postoperative pain management techniques in
patients undergoing lower abdominal surgery: intermittent opiate regimen (IOR), patient-
controlled analgesia (PCA), and patient-controlled epidural analgesia (PCEA), on cortisol and
prolactin levels during the first 48 h postoperatively.
Ninety-two patients scheduled for a lower abdominal surgery, were randomly assigned to
one of three study groups: IOR (NZ 31), PCA (NZ 31), and PCEA (NZ 30). Patients of the
IOR group received postoperatively 50e75 mg of pethidine IM on demand. Patients of the
PCA group received a loading dose of morphine (3e4 mg), followed by 1 mg bolus of morphine
IV per demand. Patients of the PCEA group received 3 ml of 0.1% bupivacaine plus 2 mg/ml of
fentanyl per demand, with continuous background infusion of 6 ml/h. Venous blood samples
were collected preoperatively, and 24 and 48 h after surgery, and were later assayed for serum
cortisol and prolactin levels.
Patients of the PCEA group exhibited diminished postoperative elevation of serum cortisol
levels at 24 and 48 h (24.4, 18.6 mg/dl, respectively) compared with both IOR (31.9, 21.9)
and PCA (28.5, 22.3) groups. Similarly, patients of the PCEA group exhibited diminished post-
operative elevation of serum prolactin level (20.7, 15.7 ng/mL) compared with PCA (24.9,
17.1) group.
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associated with reduced postoperative pain, and attenuated neuroendocrine response.
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It is well established that surgical intervention may mod-
ulate the activity of the immune and endocrine systems.
Multiple factors, including pain, psychological stress, anes-
thetic and analgesic agents, may participate in this mod-
ulation.1 Koenig and colleagues,2 have reported that
surgery-induced immunosuppression is directly related to
the extent of the perioperative trauma. Surgery-associated
tissue injury sets off a cascade of events, including nocicep-
tion and inflammation, which contributes to the neuroen-
docrine stress response.3 This response is characterized
by activation of the hypothalamic-pituitary-adrenal (HPA)
axis, leading to elevated levels of adrenocorticotropin
(ACTH) and glucocorticoids (GC).4 The neuroendocrine, in-
flammatory, and pain responses to surgery are interrelated
and mutually influence one another.
Stress-induced neuroendocrine changes, including ele-
vated serum levels of cortisol and prolactin, may exert
suppressive effects on the immune response, both in vivo
and in vitro.5,6 It has been shown that effective periopera-
tive pain relief, e.g., epidural or preemptive analgesia that
continues in the postoperative period, can attenuate sur-
gery-induced HPA activation.7e9 We have previously shown
that patients receiving patient-controlled epidural analge-
sia (PCEA) exhibited reduced postoperative pain, which
was associated with reduced suppression of lymphocyte
proliferation, and attenuated proinflammatory cytokine
response.10
The present study compared the effects of postoperative
pain management techniques on neuroendocrine response.
Following lower abdominal surgery, patients were assigned
to one of three techniques: Traditional systemic admini-
stration of opiates on a regular schedule or on demand
(intermittent opiate regimen, IOR), patient-controlled an-
algesia (PCA), and patient-controlled epidural analgesia
(PCEA).10 Serum levels of cortisol and prolactin were
measured before surgery, and 24 and 48 h postoperatively.Materials and methods
Patients
This report is a part of a larger study, which was conducted
after obtaining approval from the Hospital Human Studies
Committee, and informed consent from the patients.
Earlier findings of this study, concerning pain and immune
responses were previously published.10 The first 92 patients
of the larger sample (105) were enrolled in the present
study. Patients (ASA physical status 1e3) were scheduled
for a lower abdominal surgery (Table 1 depicts sample char-
acteristics). On the preoperative visit by the anesthesiolo-
gist, patients were randomly assigned to one of three
study groups: intermittent opiate regimen (IOR, nZ 31);
patient-controlled analgesia (PCA, nZ 31), and patient-
controlled epidural analgesia (PCEA, nZ 30). On the
same visit, patients were familiarized with the visual ana-
log pain scale (VAS), with end-points labeled 0 e ‘‘no
pain’’ and 10 e ‘‘worst possible pain’’, and were instructed
on the use of the PCA and PCEA pumps.
Anesthesia and analgesia
Premedication was carried out with orally administered
1e2 mg lorazepam 90 min before induction of anesthesia,
followed by IV administration of 2e3 mg of midazolam on
arrival at the operating theater. An epidural catheter
was placed via T12-L1 or L1-L2 interspace and advanced
3e4 cm in patients assigned to the PCEA group. To exclude
insertion of the epidural catheter in the cerebrospinal fluid,
a test dose of 3 ml of 2% lidocaine was used. General anes-
thesia was induced using fentanyl 2e3 mg/kg, thiopental
4e6 mg/kg, and vecuronium 0.1 mg/kg given IV. Anesthesia
was maintained with N2O, isoflurane, and additional fen-
tanyl. Arterial and central venous catheters were used as
indicated. Mean arterial blood pressure was maintainedTable 1 Characteristics of the patients according to the postoperative pain management groups
IOR PCA PCEA
Age (years) (range) 53.6  1.6 (30e69) 52.0  1.8 (34e69) 57.6  1.8 (39e74)
Type of surgery
Abdominal 15 16 10
Gynecological 8 9 8
Urological 8 6 12
Total number 31 31 30
Sex (M/F) 14/17 12/19 14/16
Body Weight (kg) (range) 81.9  3.9 (57e130) 83.5  4.6 (50e117) 73.2  2.0 (57e97)
Surg. duration (min) (range) 115.8  8.9 (75e240) 102.7  6.6 (60e150) 121.6  8.9 (45e210)
Values are expressed as mean  SEM (range). There were no differences between the groups with respect to age, body weight and surgery
duration. (IORZ intermittent opiate regimen; PCAZ patient-controlled analgesia; PCEAZ patient-controlled epidural analgesia).
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Volume was replaced by crystalloids and 6% hydroxyethyl
starch. Patients received upper body forced-air warming,
and IV fluids were warmed to 37 C. Patients requiring
blood transfusion during the perioperative period were
not included in the study.
On arrival to the postanesthesia care unit (PACU),
patients of the IOR group received 50e75 mg of pethidine
IV, usually in divided doses, to relieve the intensity of
pain. After discharge from PACU, this group of patients con-
tinues to receive pethidine (50e75 mg IM) on demand in the
ward. Patients of the PCA group were given an initial IV load-
ing dose of 3e4 mg morphine on arrival to PACU. The PCA
pump (Abbott Life Care Infuser, Chicago, IL) was set to de-
liver 1 mg bolus of morphine IV per demand, with a lockout
time of 6e8 min and a maximal dose of 25 mg in any 4-h
period, without continuous background infusion. In case
that a patient reported a pain score of4 on the VAS, an ad-
ditional IV bolus of 1e2 mg of morphine was administered.
On arrival to PACU, patients from the PCEA group were con-
nected to a PCEA pump (Pain Management Provider, Abbott,
Chicago, IL) and received 3 ml of 0.1% bupivacaine plus
2 mg/ml. of fentanyl per demand (lockout time 10 min),
with continuous background infusion of 6 ml/h.
Venous blood samples were collected preoperatively,
and 24 and 48 h after surgery (one blood sample of a PCEA
patient was missed; this patient was excluded from the
study).
Cortisol and prolactin determination
Cortisol was examined according to the method of Foster
and Dunn,11 whereas prolactin e applying the method of
Cowden and colleagues.12 Normal morning cortisol values
in our laboratory were in the range of 3.0e31.7 mg/dL,
while those for prolactin e from 3.8 to 31.4 ng/mL.
Statistical analysis
Statistical analyses were carried out using analysis of
variance (ANOVA) with repeated measures (for time periods
before and after surgery). Post-hoc Bonferroni tests were
conducted as appropriate, correcting for multiple compar-
isons. Probability values of p < 0.05 were considered to be
significant. The results are expressed as mean  SEM.
Results
Study groups were similar in body weight, age, and duration
of surgery (Table 1).
Cortisol
There was a significant increase in serum cortisol levels
overall the 3 groups at 24 and 48 h following surgery
(p < 0.001), and this elevation was higher at 24 vs. 48 h
(p < 0.001, Table 2). Statistical analysis revealed significant
Group effect (p < 0.04), and Group by Day interaction
(p < 0.002). Postoperative increase in cortisol levels was
significantly (p < 0.03) attenuated in the PCEA group com-
pared with both IOR and PCA groups.Prolactin
Prolactin levels before surgery were non-significantly
higher in the PCEA group. To correct for this difference,
prolactin levels at 24 and 48 h were calculated as a ratio of
the preoperative level, for each patient. ANOVA analyses
with repeated measures revealed a Group effect
(p < 0.02) and Group by Day interaction (p < 0.04) (Table 3).
24 h postoperatively prolactin levels were significantly ele-
vated overall the 3 groups (p < 0.01). At 48 h, averaged
prolactin levels almost returned to baseline values. Postop-
erative prolactin levels of the PCA group were significantly
(P < 0.02) elevated compared to the PCEA and the IOR
groups.
Discussion
Serum cortisol levels were elevated up to 48 h post-surgery
in all patients. This elevation is in accordance with the
well-established stress response to surgery.4,13 Further-
more, cortisol levels were significantly less elevated in
the PCEA group, compared with both IOR and PCA groups,
throughout the postoperative observation period. Overall
the three study groups, prolactin levels peaked at 24 h af-
ter surgery, almost returning to baseline levels by 48 h, in
accordance with previous reports.4 The increase in prolac-
tin was significantly larger in patients of the PCA group,
Table 2 Serum cortisol levels (mg/dL) during the perioper-
ative period in patients of the three study groups
Groups Before 24 h 48 h
IOR 13.5  0.9 31.9  2.0 21.9  1.0
PCA 15.8  1.0 28.5  1.4 22.3  1.3
PCEA* 14.2  0.7 24.4  1.7 18.6  1.1
Data are Mean  SEM. *Post-hoc Bonferroni test reveals statisti-
cally significant differences of the PCEA group in comparison
with IOR and PCA groups (p < 0.05). (IORZ intermittent opiate
regimen; PCAZ patient controlled analgesia; PCEAZ patient
controlled epidural analgesia).
Table 3 Serum prolactin levels (ng/mL) during the perio-
perative period in patients of the three study groups
Groups Before 24 h 48 h
IOR 14.6  1.5 19.1  1.5
(1.4  0.12)
15.4  1.2
(1.2  0.09)
PCA* 14.4  3.0 24.9  2.5
(2.2  0.28)
17.1  2.1
(1.5  0.20)
PCEA 18.3  2.8 20.7  1.4
(1.4  0.17)
15.7  2.1
(1.1  0.10)
Data are Mean  SEM (ratio per baseline values  SEM).
*Post-hoc Bonferroni test performed on the ratio data reveals
statistically significant difference of the PCA group in compari-
son with the PCEA group (p < 0.05). (IORZ intermittent opiate
regimen; PCAZ patient controlled analgesia; PCEAZ patient
controlled epidural analgesia).
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48 h.
We have recently reported that patients of the PCEA
group experienced less severe postoperative pain,
whereas those in the IOR group reported the largest VAS
scores (Table 4).10 These differences were observed up to
48 h after surgery, especially when pain scores were as-
sessed during coughing. The PCEA group, which exhibited
less severe postoperative pain, also exhibited lower serum
cortisol and prolactin levels compared with the PCA
group.
The stress response to surgery is characterized by
activation of the hypothalamic-pituitary-adrenal (HPA)
axis, as reflected by increased secretion of hypothalamic
corticotropin-releasing hormone, and subsequently in-
creased levels of ACTH and cortisol.4 In addition, surgical
stress enhances the secretion of other catabolically active
hormones, mainly catecholamines and glucagon, as well
as prolactin, growth hormone, and b-endorphin.3,4,14
Pain management remains a major concern in the post-
operative period. Studies in humans have shown that
plasma elevation in cortisol and ACTH levels is an indicator
of the magnitude of surgical trauma, and may be modu-
lated by various analgesic techniques.15,16 Thus, clinical
studies have shown that effective perioperative pain relief,
e.g., epidural or preemptive analgesia, can attenuate sur-
gery-induced HPA activation.7e9 Similarly, in animal stud-
ies, pre-surgical administration of morphine significantly
attenuated surgery-induced increase in plasma GC concen-
tration.17 We have recently shown that an analgesic proce-
dure consisting of preemptive intrathecal mixture (local
anesthetic combined with morphine) continued by postop-
erative slow-release morphine, provided effective long
lasting pain relief in rats undergoing laparotomy.18 While
laparotomy significantly increased GC and ACTH serum
levels, as well as amygdala prostaglandin E2 (PGE2) produc-
tion, these effects were attenuated by the analgesic treat-
ment.19 The same analgesic procedure also resulted in
a faster recovery (as measured by body weight gain and
food consumption) after laparotomy in rats.18
Several mechanisms have been proposed to play a role in
the activation of the HPA axis, including nociceptive inflow
from the inflamed tissue,20 and circulating proinflammatorycytokines, especially interleukin-1b (IL-1b).21,22 Tissue and
peripheral nerve injury leads to local inflammatory reac-
tion, accompanied by elevated levels of proinflammatory
cytokines. These cytokines are known to activate the HPA
axis directly, or indirectly via noradrenergic or cholinergic
pathways.6 Indeed, we have recently reported in patients
undergoing lower abdominal surgery that those assigned
to the PCEA group exhibited reduced postoperative pain
and attenuated proinflammatory cytokine response to sur-
gery, compared with patients assigned to the IOR or PCA
regimens.10,23 The PCA and PCEA techniques differ in sev-
eral ways. Among them, patients of the PCEA group receive
a mixture of opiates and local anesthetics, which are also
administered by background infusion; whereas patients of
the PCA group receive only opiates and only by demand.
In addition to improved afferent blockade and attenuated
neurogenic inflammation, local anesthetics can also reduce
the postoperative anti-inflammatory response.24,25 The
above findings taken together with the present results,
showing reduced activation of the HPA axis in the PCEA
group, lend support to the hypothesis that effective postop-
erative pain management is associated with reduced
activation of the HPA axis, possibly via a mitigated proin-
flammatory cytokine response.
In the present study, serum prolactin levels were
elevated at 24 h after surgery in all three groups, but this
elevation was significantly more pronounced in the PCA
group. At 48 h post surgery prolactin levels remained ele-
vated only in patients of the PCA group. This increased el-
evation of prolactin levels in the PCA group may be
accounted for by the known stimulatory effect of m-opiate
receptor agonists on prolactin secretion.26 The effect of
opiates on prolactin release has been attributed to central
mechanisms, primarily via decreased release of hypotha-
lamic dopamine into hypophyseal portal blood.26 In addi-
tion, prolactin is extremely sensitive to IV opiates,
markedly increasing during total intravenous anesthesia
with opiates; this is in contrast to other stress hormones, in-
cluding cortisol, growth hormone, epinephrine, and norepi-
nephrine.27 The PCA technique is based on pure IV
morphine analgesia, which is known to rapidly enter the
brain and stimulate central opiate receptors, thus showing
the highest postoperative prolactin elevation.Table 4 Visual analog pain score (VAS) at (A) rest and (B) during coughing
Treatment Group 4 h 8 h 12 h 24 h 48 h
A. VAS Scores At Rest
IOR 5.77  0.286 5.17  0.28 5.08  0.32 4.87  0.40 3.77  0.33
PCA 4.72  0.32 3.83  0.22 3.53  0.22 3.18  0.22 2.97  0.24
PCEA 2.77  0.23 3.27  0.23 3.50  0.24 3.28  0.20 2.72  0.22
B. VAS Scores During Coughing
IOR 7.93  0.19 7.00  0.23 6.57  0.21 6.30  0.29 4.23  0.20
PCA 6.90  0.28 6.07  0.22 5.43  0.23 5.07  0.27 4.43  0.20
PCEA 5.27  0.17 5.17  0.20 4.83  0.19 4.63  0.15 4.23  0.20
Values are expressed as mean  SEM. Post-hoc Bonferroni test revealed that pain intensity was significantly greater in patients of the IOR
group in the first 48 h period, both at rest and during coughing, compared with the other groups (P < 0.001). Planned contrast tests
revealed that pain intensity in the PCEA group was significantly smaller in the first 48 h, both at rest and during coughing, compared
with the PCA group (P < 0.05, P < 0.001, respectively). (IORZ intermittent opiate regimen; PCAZ patient-controlled analgesia;
PCEAZ patient-controlled epidural analgesia).
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the advantage of postoperative epidural analgesia, com-
pared to systemic analgesia, in neuroendocrine response to
surgery in the immediate postoperative period. These
studies suggest that cortisol levels are affected by post-
operative pain.28 The present study also extends the find-
ings to prolactin, suggesting that postoperative prolactin
levels are highly modulated by the central effects of opi-
ates administered IV as part of the analgesic technique.
In summary, the present study compared three
postoperative pain management techniques in patients
undergoing lower abdominal surgery. The results show that
patients of the PCEA group experienced reduced postoper-
ative pain, and diminished activation of the HPA axis.
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